Abstract: Nylon 6 clay hybrid (NCH) is a nanocomposite of nylon 6 matrix reinforced with clay called Montmorillonite. It has characteristics of high strength, high stiffness and low gas permeability due to the dispersed Montmorillonite in nylon 6 matrix by the nanometer unit. However, methods of design and life evaluation have not been established because few studies on creep have been done. In this study, creep viscoelasticity in Nylon 6 clay hybrid has been analyzed and predicted by using the Burgers model and Findley power law. Both models can accurately express the creep viscoelasticity in the polymers. The simulating parameters illustrated the influence of clay on the creep viscoelasticity. The creep strain predicted by the Burgers model is higher than that by the Findley power law.
INTRODUCTION
Nylon 6 clay hybrid (NCH) is a kind of polymer clay nanocomposites, in which nylon 6 matrix reinforced with nano-sized clay called Montmorillonite [1] . It has characteristics of high strength, high stiffness and low gas permeability due to the dispersed Montmorillonite in nylon 6 matrix by the nanometer unit. Therefore, it has been used as timing belt cover and fuel tube in Automobiles [2] .Our past research showed that the effects of clay amount on tensile strength were not always consistent with those on fatigue and creep life, e.g., the tensile strength in the 5 wt% clay reinforced nylon 6 nanocomposite was highest, but the fatigue and creep life in the 2 wt% clay reinforced nylon 6 nanocomposite was highest [3] . Moreover, methods of design and life evaluation have not been established. Therefore, it is needed to study time-dependent (creep) behavior to extend applications of polymer clay nanocomposites.
In this study, creep viscoelasticity in nylon 6 and nylon 6 clay hybrid of different volume content of clay (NCH-2 and NCH-5, respectively) have been analyzed and predicted from short term experimental data by using the Burgers model and Findley power law at room temperature.
MATERIALS
In order to investigate the influence of the clay amount in the NCH, we used three kinds of materials, which were nylon 6, 2 wt% NCH, 5 wt% NCH. Additionally, dumbbell specimen was used as a test sample, as shown in Figure 1 .
EXPERIMENTAL PROCEDURE AND ANALYSIS METHOD

Tensile creep tests
Tensile creep tests were conducted under a constant load (stress of 20 MPa and 40 MPa, respectively) at room temperature using a Shimadzu servopulser. The creep test was interrupted when creep time reaches 200 hours.
Burgers model
Burgers model (four elements model) was applied to analyze the viscoelasticity of the polymer, as shown in Figure 2 [4] . The creep strain at time t is a sum of the strains in each element, thus:
Moreover, equation (2) can be obtained by the each element of the Burgers model [5] .
where the
indicates a retardation time which illustrates the speed that creep occurred.
In this study, the functions of the Burgers model with four undetermined parameters were obtained by using the Kaleida Graph. Creep strain versus time curves were simulated by equation (2) and we analyzed the viscoelasticity in three kinds of materials (nylon 6, NCH-2, NCH-5) by the each factor of the Burgers model. Furthermore, we investigated predicting ability by compared the experimental data for 200 h with simulation data for 200 h based on 100 h experimental data and predicted the creep deformation for 2000 h based on 200 h experimental data.
Findley power law
Findley power law can accurately express the creep viscoelasticity in the polymer. It is given by:
where the 0 
RESULTS AND DISCUSSION
Creep tests result
The creep strain versus time curves in three kinds of materials under 20 MPa and 40 MPa at room temperature for 200 h are shown in Figure  3 . The creep resistance in three kinds of materials at 20 MPa and 40 MPa increases with increasing amount of clay. There are the transient and steady creep stages. However the steady creep stage in nylon 6 under 40 MPa could not be observed.
Creep strain rate
The creep strain rate versus time curves in three kinds of materials under 20 MPa and 40 MPa at room temperature are shown in Figure 4 and 5, respectively. The creep strain rate in three kinds of materials at both stresses decreases with increasing amount of clay. Furthermore, it exhibits that the influence of clay is more evident at 40 MPa than at 20 MPa [6] . 
Simulation results by the Burgers model and Findley power law
The simulation results by the Burgers model and Findley power law are shown in Figure 6 .
The simulation results of both models well agree with experimental data. It is found that the creep viscoelasticity can be accurately expressed in three kinds of materials.
Analysis of the creep viscoelasticity by the Burgers model
The modeling parameters of the Burgers model are shown in Table 1 dicting results of the Burgers model under 40 MPa differs from experimental data. Especially, in the case of simulation time 50 h, the predicting results much differ from experimental data. It is found that the Burgers model is suitable for the analysis of creep viscoelasticity in the polymer, but it is not suitable for prediction of creep. Relatively, Findley power law is more suitable for creep than the Burgers model [7] .
Creep prediction by the Burgers model and Findley power law
The predicted results by using Burgers model and Findley power law under 20 MPa for 2000 h based on 200 h experimental data are shown in Figure 8 . The predicted creep strains of the Burgers model increase at constant creep rate, which is different with actual creep viscoelasticity behavior. However, the predicted creep strains of the Findley power law increase as the creep strain rate decreases with increasing time, which is similar to actual creep viscoelasticity behavior.
CONCLUSIONS
It is shown that the creep resistance increases with an increase in amount of clay. Additionally, the elastic deformation and viscoplasticity decrease dependent on amount of clay. The NCH-2 material shows the longest transition time. This agrees with the longest retardation time in the Burgers model. Furthermore, it is found that the creep strain predicted by the Burgers model is higher than that by the Findley power law. 
